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(57) ABSTRACT

A vehicle headlight can include a light source, first and
second ellipse group reflecting surfaces having a focus
corresponding to the light source, a first parabolic group
reflecting surface with a focus on a second focus of the
second ellipse group retlecting surface, and a second para-
bolic group reflecting surface with a focus corresponding to
the position of the light source. A movable shutter can be
provided with a shutter part and a shade part. When the
shade part 1s placed 1n the light flux of the first ellipse group
reflecting surface, the shade part shades the light flux
irradiating from the light source to the second parabolic
oroup reflecting surface. On the other hand, when the shutter
part 1s withdrawn from the light flux, the second parabolic
oroup reflecting surface can receive light. The second ellipse
oroup relflecting surface can reflect unused light from the
first ellipse group reflecting surface toward the first para-
bolic group reflecting surface, and the first parabolic group
reflecting surface can reflect the light in the 1rradiation
direction. Thus, the low-beam distribution and the high-
beam distribution can be 1mproved 1n illumination.
Furthermore, the light from the second parabolic group
reflecting surface that 1s to be projected 1n the front direction
can be added to the light retflected from the first ellipse group
reflecting surface to improve the visibility in the front of the
vehicle during high-beam distribution.

21 Claims, 4 Drawing Sheets
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1
VEHICLE HEADLIGHT

This 1nvention claims the benefit to Japanese Patent
Applications No. 2001-245977, filed on Aug. 14, 2001, the
disclosure of which i1s hereby incorporated by reference.

This application also claims priority to U.S. patent applica-
tion Ser. No. 10/025,975 filed on. Dec. 26, 2001, entitled,

“Vehicle Light Capable Of Changing Light Distribution
Pattern Between Low-Beam Mode And High-Beam Mode
By Movable Shade And Reflecting Surface,” the disclosure

of which 1s hereby 1ncorporated by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a vehicle lamp, and more
particularly to a vehicle headlight generally referred to as a
projector-type headlight (Poly Ellipsoid Headlamp; PES)
using an ellipse group reflecting surface (e.g., a spheroid
reflecting surface), a projection lens with an aspheric
surface, and a shutter for adjusting a light distribution
characteristic. The light can be configured to switch between
a meeting-beam (or low-bean) distribution and a running-
beam (or high-beam) distribution.

2. Description of the Related Art

Referring now to FIG. 1, a conventional projector-type
headlight 90 will be described. The projector-type headlight
90 comprises a light source 91, an ellipse group reflecting
surface 92, a shutter 93, and a projection lens 94. The ellipse
ogroup reflecting surface 92 is a reflecting surface configured
as a spheroid, a complex ellipse, or the like, having a first
focus 1 and a second focus 2. The light source 91 1is
arranged at a position corresponding to the first focus 11,
while the shutter 93 1s arranged at a position in the vicinity
of the second focus 12 of the ellipse group reflecting surface
92. The focus of the projection lens 94 1s arranged 1n the
vicinity of the shutter 93. In the projector-type headlight 90
thus constructed, the movement of the shutter 93 allows a
desired low-beam distribution pattern and a desired high-
beam distribution pattern in a selective manner.

More specifically, in a vehicle headlight constructed as
described above, a light beam from the light source 91 is
reflected by the ellipse group reflecting surface 92 and is
then provided as reflection light having a generally circular
cross section that converges at the second focus. A lower halt
of the reflection light 1s shaded when the shutter 93 1s placed
in the optical path of the reflection light. Thus, the resulting
reflected light 1s shaped as a generally upper semicircular
part. The generally upper semicircular part of the reflected
light 1s projected 1n the wrradiation direction and turned
upside down by the projection lens 94 to become a lower
semicircular part of the reflected light. In other words, as
shown 1n FIG. 2, a light distribution pattern HS suited for
low-beam distribution, which does not include high beam
light rays, can be obtained.

On the other hand, the shutter 93 may be configured to be
movable. If a high-beam distribution pattern 1s required, the
shutter 93 can be withdrawn from the optical path of the
light reflected from the reflecting surtace 92. Thus, the lower
semicircular part of the reflected light which can form a high
bean and which 1s shaded by the shutter 93 1n low-beam
mode 1s allowed to be projected as irradiation light, resulting
in a high-beam distribution pattern HM as shown in FIG. 3.

In the conventional projector-type headlight 90, however,
the lower half of the reflected light from the ellipse group
reflecting surface 92 1s shaded at the time of low-beam
distribution. As a result, the amount of light provided by the
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low-beam distribution can be poor 1n supply. To solve such
a disadvantage, 1n general, an 1nsuificient amount of light 1s
compensated by, for example, inclining the optical axis of
the headlight to the lower left side when 1t 1s mtended for
driving on the left-hand side (In Japan, automotive vehicles
drive on the left side) such that the portion corresponding to
the point P that has a high degree of brightness 1s not shaded

by the shutter 93 (see FIG. 2).

On the other hand, 1if the shutter 93 1s withdrawn from the
above configuration of the headlight which provides
adequate low-beam distribution, there 1s not enough irradi-
ated light directed to the front (See FIG. 3). Therefore, there
1s another problem in that there 1s insufficient distance
visibility for high-beam distribution.

In the projector-type headlight 90, generally, there 1s a
further problem of poor visibility 1n both left and right
directions because the width of irradiation light in these
directions 1s not enough.

SUMMARY OF THE INVENTION

In order to solve the above and other problems of the
conventional art, therefore, it 1s an object of the present
invention to provide a projector-type vehicle headlight, by
which a low-beam distribution and a high-beam distribution
can be selectively employed, and unused light can be
cffectively used as reflection light 1n each of the low- and
high-beam distributions. The pm]ector type headlight 1s
especially capable of attaining a sufficient 1llumination in the
high-beam distribution.

Furthermore, 1t 1s another object of the present invention
to provide a headlight capable of improving visibility by
applying a sufficient 1llumination 1 both left and right
directions at the time of high-beam distribution.

In order to attain the objects of the mmvention, a vehicle
headlight according to the present 1nvention can be embod-
ied 1n a device that mncludes a light source; a first ellipse
oroup reflecting surface having an optical axis direction
substantially corresponding to the irradiation direction of the
headlight, the first ellipse group retlecting surface having a
first focus and a second focus, the first focus being located
substantially at the light source, the first ellipse group
reflecting surface configured to reflect light irradiated from
the light source 1n the irradiation direction of the headlight;
a projection lens having a focus in the 1rradiation direction
of the headlight and in the vicinity of the second focus of the
first ellipse group reflecting surface, the projection lens
coniligured to project light irradiated from the light source
and light reflected from the first ellipse group reflecting
surface 1n the 1rradiation direction; a second ellipse group
reflecting surface having an optical axis crossing the optical
axis of the first ellipse group reflecting surface, the second
ellipse group reflecting surface having a primary focus and
a secondary focus, the primary focus of the second ellipse
oroup reflecting surface located substantially at the light
source; a lirst parabolic group reflecting surface having a
focus located substantially at the secondary focus of the
second ellipse group reflecting surface, the first parabolic
ogroup reflecting surface configured to reflect light reflected
from the second ellipse group reflecting surface in the
irradiation direction of the headlight; a second parabolic
oroup reflecting surface having an optical axis substantially
corresponding to the irradiation direction of the headlight,
the second parabolic group reflecting surface having a focus
located 1n the vicinity of-the light source, the second para-
bolic group retlecting surface being arranged 1n the irradia-
tion direction side from the first ellipse group reflecting
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surface; and a shutter provided 1 the vicinity of the focus of
the projection lens, the shutter being capable of being placed
in and withdrawn from an optical path of light reflected from
the first ellipse group reflecting surface, the shutter having a
shutter part and a shade part, the shutter part providing a
low-beam light distribution pattern by being placed in the
optical path of the reflected light from the first ellipse group
reflecting surface and providing a high-beam light distribu-
fion pattern by being withdrawn from the optical path, the
shade part shading light traveling from the light source to the
second parabolic group reflecting surface when the shade 1s
in a first position, and providing light from the light source
to the second parabolic group reflecting surface when the
shade 1s 1n a second position.

In the above configuration of the vehicle headlight, at
first, when the headlight 1s 1n the low-beam distribution
(which 1s normally used), unused light from the first ellipse
oroup reflecting surface 1s captured on the second ellipse
oroup rellecting surface, and the captured light 1s then
projected from the first parabolic group reflecting surface
toward the wrradiation direction to allow the headlight to
provide more 1llumination in the low-beam distribution.
Therefore, there 1s an extremely superior effect 1n improve-
ment of visibility 1n the low-beam distribution.

The high-beam distribution pattern can be constructed
such that 1t 1s compensated with light being 1rradiated like a
spot 1llumination 1in a direction towards the front of the
vehicle by the second parabolic group reflecting surface. In
the conventional art, on the other hand, such a high-beam
distribution pattern 1s insufficient because 1t 1s inclined to the
lower left side for increasing the visibility in the low-beam
distribution. The headlight of the invention can also be
coniigured such that the distribution of light from the first
parabolic group reflecting surface 1s added to the high-beam
distribution pattern. Consequently, an extremely superior
effect in 1improvement of visibility at each of the low- and
high-beam distributions can be attained. In addition to the
above, sufficient 1llumination can be provided 1n the left and
right directions.

In the embodiment of the vehicle headlight as described
above, 1t 1s preferable to arrange the first ellipse group
reflecting surface and the second ellipse group reflecting
surface such that the second focus of the first ellipse group
reflecting surface 1s on the outside of the second ellipse
oroup relflecting surface. Also, it 1s preferable to locate the
shutter part of the movable shutter on a back side of the
second ellipse group retlecting surface when the shutter part
1s withdrawn from the optical path of the reflected light from
the first ellipse group reflecting surface.

In one of the preferred embodiments, the movable shutter
may be rotatably fixed on a substantially horizontal axis to
be placed 1 or withdrawn from the optical path of the

headlight.

It 1s preferred that the second parabolic group reflecting
surface be composed of a pair of reflecting surfaces provided
on left and right sides of the first ellipse group reflecting
surface 1 the horizontal direction such that the second
parabolic group, reflecting surface receives direct light from
the light source when the movable shutter 1s withdrawn.

Preferably, the vehicle headlight according to the present
invention includes shading means for shading the light
reflected from the second ellipse group retlecting surface to
the first parabolic group reflecting surface when a high-beam
distribution 1s achieved. The shading means may be driven
independently of the movable shutter. Alternatively, the
shading means may be interlocked with the movable shutter.
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The shading means and the movable shutter may be rotated
around a substantially horizontal axis.

In the embodiment of the vehicle headlight described
above, the second ellipse group reflecting surface preferably
has an opening portion coinciding with a part of a light path
of rradiation light from the light source and reflected light
from the first ellipse group reflecting surface to the projec-
tion lens. In this case, the movable shutter can shade a part
of the opening portion when 1t 1s placed 1n the optical path,
and open the opening portion when 1t 1s withdrawn from the
optical path.

Further, 1n the vehicle headlight with the afore-mentioned
constitution, the optical axis of the first parabolic group
reflecting surface generally and preferably corresponds to
the 1rradiation direction of the headlight.

In the vehicle headlight with the constitution above, 1t 1s
preferable to set the optical axis of the first parabolic group
reflecting surface such that the reflected light from the first
parabolic group reflecting surface outwardly irradiates on a
side of the 1rradiated area of the reflected light from the first
cllipse group reflecting surface.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other objects and advantages of the present
invention will become clear from the following description
with reference to the accompanying drawings, wherein:

FIG. 1 1s a cross sectional view 1llustrating a conventional
headlight;

FIG. 2 1s an explanatory view showing a low-beam
distribution pattern of the conventional headlight;

FIG. 3 1s an explanatory view showing a high-beam
distribution pattern of the conventional headlight;

FIG. 4 1s a perspective view of one of the preferred
embodiments of the vehicle headlight made in accordance
with the principles of the present invention;

FIG. 5 1s a cross sectional view taken along the line A—A
mn FIG. 4;

FIG. 6 1s a cross sectional view taken along the line B—B
i FIG. 4;

FIG. 7 1s an explanatory view showing a low-beam light
distribution pattern of the vehicle headlight of FIG. 4;

FIG. 8 1s an explanatory view showing a high-beam
distribution pattern of the vehicle headlight of FIG. 4; and

FIG. 9 1s an explanatory view showing a high-beam
distribution pattern of another preferred embodiment of the
vehicle headlight of the present invention.

FIG. 10 1s a cross-sectional view of another preferred
embodiment of the invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Hereinafter, vehicle headlights according to the present
invention will be described based on preferred embodiments
with reference to the accompanying drawings.

In the present specification, the term “ellipse group
reflecting surface” can be defined as a curved surface having
an ellipse or its similar shape as a whole, such as a rotated
elliptic surface (spheroid), a complex elliptic surface, an
cllipsoidal surface, an elliptic cylindrical surface, an ellip-
tical free-curved surface, or combination thereof. If a light
source 15 located on a first focus of the ellipse group
reflecting surface, light rays emitted from the light source
converge to a second focus of the ellipse group reflecting
surface.
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The term “parabolic group reflecting surface” can be
defined as a curved surface having a parabola or similar
shape as a whole, such as a rotated parabolic surface, a
complex parabolic surface, a paraboloidal surface, a para-
bolic free-curved surface, or combination thereof. Light rays
emitted from a light source located on a focus of the
parabolic group reflecting surface are reflected to be parallel
to the axis of the parabolic group reflecting surface.

Referring now to FIGS. 4 to 6, there 1s shown a vehicle
headlight denoted by reference numeral 1 which depicts one
of the preferred embodiments of the present mnvention. The
vehicle headlight 1 can include a light source 2, a first ellipse
oroup relflecting surface 3, a movable shutter 4, and a
projection lens 5. The first ellipse group reflecting surface 3
1s preferably constructed of a spheroid surface, a complex
ellipse surface, or the like and 1s a reflecting surface having
an optical axis (axis of lens) X substantially corresponding,
to the direction of iwrradiation of light from the vehicle
headlight 1. The reflecting surface 3 has a first focus {1 and
a second focus 12. The light source 2 can be arranged
substantially on the first focus 1. The movable shutter 4 is
preferably arranged in the vicinity of the focus 12 of the
projection lens 5§ (the second focus f2 of the first ellipse
group reflecting surface 3) and is responsible for shading a
part of reflected light from the first ellipse group reflecting,
surface 3 to provide the low-beam distribution pattern.
Accordingly, such a configuration of the headlight 1 1s
capable of irradiating light with a low-beam distribution
when, for example, the vehicle runs on an urban road at
night.

In the present mnvention, a second ellipse group reflecting,
surface 6, a first parabolic group reflecting surface 7, and a
second parabolic group reflecting surface 8 can be provided
in addition to the first ellipse group retlecting surface 3. The
present 1mvention solves several problems that exist i the
conventional art, including the above problems of: an msui-
ficient amount of light 1n each of the low- and high-beam
light distribution; and the characteristic of insufficient high-
beam light distribution which occurs if the movable shutter
4 1s withdrawn from an optical path of the reflected light
from the first ellipse group reflecting source 3.

First, the second ellipse group reflecting surface 6 and the
first parabolic group reflecting surface 7 will be described.
These two reflecting surfaces 6 and 7 are provided for
various reasons, including supplementing the amount of
light appropriate for both the low- and high-beam distribu-
tions. As shown 1n FIGS. 4 and 5, the second ellipse group
reflecting surface 6 can be configured as a spheroid surface
or the like 1n which the light source 2 1s arranged on a
position corresponding to the first focus fl1 (the focus
position 11 1s shared between the first focus 11 of the first
cllipse group retlecting surface 3 and the first focus 11 of the
second ellipse group reflecting surface 6). The optical axis Y
of the reflecting surface 6 can be set such that the focus {3
of the reflecting surface 6 on the optical axis Y 1s diagonally
located forward of the first focus 11 1n a downward direction
to 1ntersect the optical axis X of the first ellipse group
reflecting surface 3 at the light source 2.

The second ellipse group reflecting surface 6 can be
arranged such that it does not 1nterfere with an optical path
from the light source 2 to the first ellipse group reflecting
surface 3 and an optical path of reflected light from the first
cllipse group reflecting surface 3. More specifically, the
reflecting surface 6 can be located forward of the first ellipse
ogroup reflecting surface 3 and provided such that a mirror
surface (the actual reflecting surface) is directed to the light
source 2 for receiving light directly 1rradiated from the light
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source 2. If necessary, furthermore, there 1s formed an
opening portion 6a through which direct light and reflected
light from the first ellipse group reflecting surface 3 can
pass. The opening portion 6a 1s preferably configured such
that a part of the opening portion 6a 1s shaded when the
movable shutter 4 moves into the optical path, and such that
the opening portion 6a 1s completely opened when the
movable shutter 4 1s withdrawn from the optical path.

In the present invention, additionally, the second ellipse
ogroup rellecting surface 6 can be conifigured so as to be
located nearer the light source 2 than the second focus 12 of
the first ellipse group reflecting surface 3. Therefore, the
movable shutter 4 that 1s preferably provided in the vicinity
of the second focus 12 1s located on the back side of the
second ellipse group reflecting surface 6, so that there 1s no
possibility of mechanically interfering with the second
cllipse group retlecting surface 6.

The headlight of the above described embodiment can be
constructed such that the second ellipse group reflecting
surface 6 1s capable of capturing the light emitted from the
light source 2 which cannot be captured by the first ellipse
oroup reflecting surface 3. Thus, light can converge to the
focus 13 of the reflecting surface 6. In this embodiment,
furthermore, there can be provided a first parabolic group
reflecting surface 7 for reflecting the above described light
that has converged to the focus 13, and forwarding it 1n the
irradiation direction of the headlight.

The first parabolic group reflecting surface 7 can be
formed as a parabolic shaped reflecting surface such as a
paraboloid of revolution. The optical axis of the reflecting
surface 7 can substantially correspond to the irradiation
direction of light irradiating from the vehicle headlight 1. In
addition, the focus of the reflecting surface 7 can substan-
tially correspond to the focus 13 of the second ellipse group
reflecting surface 6. Therefore, the light captured and
reflected by the second reflecting surface 6 can be reflected
by the first parabolic group reflecting surface 7 substantially
in the direction of light irradiating from the vehicle headlight
1 as parallel light.

As shown 1 FIGS. 4 and 6, the second parabolic group
reflecting surface 8 can include a pair of reflecting surfaces,
onc on cach of the left and right sides of the first ellipse
oroup reflecting surface 3 in the horizontal direction. The
optical axis of the second parabolic group reflecting surface
8 substantially corresponds to the irradiation direction of
light irradiating from the vehicle headlight 1. The focus of
the reflecting surface 8 preferably corresponds to the posi-
tion of the light source 2. If the reflecting surface 8 1is
provided 1n the above position, 1t should be provided so as
not to cause any interference problems such as overlap with
the second ellipse group reflecting surface 6.

In the above configuration of the headlight, a low-beam
distribution pattern can be attained by shading a high beam
(upwardly directed light) by placing the movable shutter 4 in
the flux of reflected light from the first ellipse group reflect-
ing surface 3. If a high-beam distribution pattern 1s required,
the movable shutter 4 can be withdrawn from the flux of
reflected light from the first ellipse group reflecting surface
3. In the present invention, the movable shutter 4 can include
a shutter part 4a to be placed 1 or withdrawn from the light
flux from the first ellipse group retlecting surface 3. A shade
part 4b can be placed 1n or withdrawn from the light flux
directly transmitted from the light source 2 to the second
parabolic group reflecting surface 8. In FIG. 4, the upper end
of the shutter part 4a 1s shaped like a straight line. However,
the present invention 1s not limited thereto, and 1f desired,
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the upper end of the shutter part 4 may be shaped 1nto one
of various cut lines or curved lines, depending on the desired
light distribution pattern. Further, a connecting portion
which connects the shutter part 4a and the shade part 4b may
include a fold as shown 1n FIG. 6, although the fold 1s not
shown 1n FIG. 4 for easy understanding. However, the fold
1s not necessarily included 1n the movable shutter 4, and the
connecting portion which connects the shutter part 4a and
the shade part 4b may be a straight line 1n the B—B cross

section of FIG. 4.

The movable shutter 4 can be rotatably fixed on a horti-
zontal axis 4¢ and 1s able to be rotated about the horizontal
ax1s 4¢ by a driving force exerted from a driving part 4d such
as a solenoid. In the movable shutter 4, furthermore, a return
spring 4e and a stopper 4f can be arranged at appropriate
positions, respectively. When the movable shutter 4 1s not
actuated by the driving part 4d, the movable shutter 4 1s fixed
at a predetermined position by means of the return spring 4¢
and the stopper 4/. In this position, the movable shutter 4 1s
not rotated, and a low-beam distribution pattern can be
obtained when the movable shutter 4 1s located at the
predetermined fixed position.

Specifically, when the movable shutter 4 i1s not actuated
by the driving part 44, the shutter part 4a moves 1nto or
remains in the light flux from the first ellipse group reflecting
surface 3 to shade the high beam (upwardly directing light
rays). Simultaneously, the shade portion 4b shades the light
from the light source 2 to the second parabolic group
reflecting surface 8.

If the driving part 4d 1s actuated, the shutter part 4a 1s
rotated and withdrawn from the light flux from the first
ellipse group retlecting surface 3 while the shade part 4b 1s
withdrawn from the optical path from the light source 2 to
the second parabolic group reflecting surface 8.
Consequently, the light from the light source 2 can directly
reach the second parabolic group reflecting surface 8. Note
that it 1s possible to obtain either of a low-beam distribution
pattern or a high-beam distribution pattern when the driving,
part 4d 1s being actuated. In nature, however, when a vehicle
1s moving, the low-beam distribution pattern i1s predomi-
nantly selected. The low-beam distribution setting 1s
advantageous, compared with the high-beam distribution, 1n
terms of a reduction 1n electric power consumption when the
driving part 4d 1s stopped or fixed.

Next, the operation and effect of the vehicle headlight of
the embodiment as constructed above will be described. In
FIG. 7, there 1s shown a low-beam distribution pattern DS of
the vehicle headlight 1. In the low-beam distribution, almost
half of the reflected light from the first ellipse group reflect-
ing surface 3 is shaded by the movable shutter 4 (the shutter
part 4a). In this state, however, the low-beam distribution
pattern DS 1s the sum of a distribution pattern DS1 from the
first ellipse group reflecting surface 3 and a distribution
pattern DS2 from the second ellipse group reflecting surface
6 and the first parabolic group retlecting surtace 7 which
capture light that has typically not previously been used.
Therefore, the low-beam distribution pattern DS can be
more brightly lit. Furthermore, the point P 1n the figure 1s one
where the maximum brightness 1in each of the distribution
patterns can be obtained. In the figure, DS1' indicates a high
illumination zone of the distribution pattern DS1 from the
first ellipse group reflecting surface 3. Considering that half
of the retlected light from the first ellipse group reflecting
surface 3 1s shaded by the shutter part 4a, the first ellipse
oroup reflecting surface 3 1s designed such that the maxi-
mum brightness point P 1s located at a position on the left or
right side slightly lower than the origin (the front, H=0, V=0)
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(e.g., the left side if the vehicle runs on the left-hand side).
In this embodiment, for example, the optical axis of the first
cllipse group reflecting surface 3 1s inclined to the lower left
side.

On the other hand, when in the high-beam distribution
pattern DM shown in FIG. 8, the movable shutter 4 (the
shutter part 4a) 1s preferably withdrawn from the flux of
reflected light from the first ellipse group reflecting surface
3. Therefore, the distribution pattern DM1 can be obtained,
in which the reflected light from the reflecting surface 3
includes a high beam 1.e., upwardly directed light (the lower
part of the light 1n the vicinity of the focus of the projection
lens), and irradiated light projected from the projection lens
includes a high beam. However, as the optical axis of the
first ellipse group reflecting surface 3 1s inclined to the lower
left side (if the vehicle runs on the left-hand side), the use of
the distribution pattern DM1 alone 1s insufficient to irradiate
a conslderable distance 1n front of the wvehicle, and 1t
becomes difficult to completely satisty the functions of the
high-beam distribution as described above. In FIG. 8, the
border line of the pattern DM1 1s indicated by a single
contour line of a low 1llumination zone.

In this embodiment of the invention, the reflected light
from the second parabolic group reflecting surface 8 can be
adjusted so as to be directed to the vicinity of the origin (the
front, H=0, V=0) to obtain the distribution pattern DM2. As
a result, a high-beam distribution pattern DM can be
obtained that comprises the sum of the distribution pattern
DM1, the distribution pattern DM2, and the distribution
pattern DS2 from the first parabolic group reflecting surface
7. This combination of light makes up the 1rradiation light
for 1rradiating outward from the front of the vehicle at a
considerable distance, satistying the functions of high-beam
distribution.

In FIG. 8, there 1s a high i1llumination zone DMJ of the
high-beam distribution pattern DM. The high 1llumination
zone DMJ 1s composed of a high illumination zone DM1' of
the distribution pattern DM1 (i.e., one in the state where the
distribution pattern DS1' 1s not shaded by the shutter part 4a
as shown 1n FIG. 7) and the distribution pattern DM2 from
the second parabolic group reflecting surface 8. The maxi-
mum brightness point P of the high-beam distribution pat-
tern DM 1s located on the origin (the front, H=0, V=0),
resulting in extremely good distance visibility. Note that the
zone DMJ 1s defined by a single contour line in the high

illumination zone obtained by synthetically preparing the
zone DM1' and the pattern DM2. The border line of the zone

DM3 and the border line of the zone DM1' are not limited
in the same intensity of i1llumination.

Because the second parabolic group reflecting surface 8 1s
preferably provided on each of left and right sides of the first
cllipse group reflecting surface 3 in the horizontal direction,
the reflected light from the second parabolic group reflecting
surface 8 preferably extends wide 1n the horizontal direction
while extending more narrowly in the vertical direction
when the light source 2 1s relatively long i1n the axial
direction (e.g., axial direction of a C-8 filament). Therefore,
the second parabolic group reflecting surface 8 1s not able to
irradiate light onto the road surface near the front of the
vehicle with a great deal of brightness.

In this embodiment, the light bemng reflected by the
second ellipse group reflecting surface 6 and the first para-
bolic group reflecting surface 7 (i.e., a portion corresponding
to the distribution pattern DS2 of the low-beam distribution
pattern DS) can remain substantially constant, even though
it 1s 1n the high-beam distribution that 1s being switched.
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Theretore, the road surface just 1n front of the vehicle can be
irradiated brightly. Thus, 1t 1s possible to provide a wide
distribution pattern of light with a high intensity of 1llumi-
nation. On the other hand, however, a driver who constantly
watches the area close to the front of the vehicle may
experience a brightness difference between the close area
and the distance area 1n front of the vehicle. As a result, it

1s conceivable that visibility to a considerable distance may
secem lower, even though it 1s not lower than 1n a standard
high beam.

In this case, when the movable shutter 4 1s located 1n the
position where a high-beam distribution pattern can be
obtained, a second shade part 4g (see FIG. 5) may be
provided such that 1t can be 1nserted in the vicinity of the
focus 13 of the second ellipse group reflecting surface 6, for
example. According to such a configuration of the headlight,
when 1t 1s switched to provide the high-beam distribution
pattern DM, as shown 1n FIG. 9, the reflected light from the
first parabolic group reflecting surface 7 1s shaded. The
second shade part 4¢ may be integrally formed with the
movable shutter 4. Alternatively, the second shade part 4¢
and the movable shutter 4 may be separately formed. They
may be driven imdependently of each other or may be
interlocked with each other. Furthermore, if the second
shade part 4¢ and the movable shutter 4 are integrally
formed so as to be actuatable by the same driving part 4d,
several advantages can be obtained with respect to reduction
in the number of structural components, and the structure of
the headlight can be simplified. If the second shade part 4¢
and the movable shutter 4 are separately formed, different
desired distribution patterns can be obtained at the time of
high-beam distribution.

In accordance with another embodiment of the present
invention, though not shown 1n the figures, the position of
the second ellipse group reflecting surface 6 1s not limited to
be 1n a slanting upper direction of the first ellipse group
reflecting surface 3. Alternatively, 1t may be formed and/or
positioned 1n a slanting lower direction or the like.
Furthermore, the optical axis of the first parabolic group
reflecting surface 7 1s not limited to be 1n the direction X of
irradiating light from the vehicle headlight 1, and 1t may be
in the diagonally lateral direction, the lateral direction, or the
like. By setting the reflecting surface 7 in such a direction,
for example, a distribution pattern of light can be obtained
such that the distribution pattern DS2 i1s located on the
outside of the distribution patterns DS1 and DMI1. The
second parabolic group reflecting surface 8 1s not limited to
be provided as a pair of reflecting surfaces arranged on
opposite lateral sides of the headlight. Rather, 1t may be
arranged only on one side thereof or as a single reflecting
surface. Furthermore, the headlight can be configured for the
purpose of obtaining a desired distribution pattern as a
whole by providing headlights arranged on both left and
right sides of the vehicle. Furthermore, as shown in FIG. 10,
the first ellipse, group reflecting surface 3 and the first
parabolic group reflecting surface 7 can be formed as a
continuous surface. Further, the first ellipse group reflecting
surface 3 and the second parabolic group reflecting surface
8 can be formed as a continuous surface depending on
locations of the solenoid 4d, the spring 4¢, and the stopper
4/ A movable or stationary second shade 4g can be placed 1n
front of the first ellipse group reflecting surface 3 or the first
parabolic group reflecting surface 7.

While there has been described what are at present
considered to be preferred embodiments of the present
mvention, i1t will be understood that various modifications

may be made thereto, and 1t 1s intended that the appended

5

10

15

20

25

30

35

40

45

50

55

60

65

10

claims cover all such modifications as fall within the true
spirit and scope of the invention.

What 1s claimed 1s:

1. A vehicle headlight having an irradiation direction,
comprising:

a light source;

a first ellipse group reflecting surface having an optical
ax1s direction substantially corresponding to the irra-
diation direction of the headlight, the first ellipse group
reflecting surface having a first focus and a second
focus, the first focus being located substantially at the
light source, the first ellipse group reflecting surface
configured to reflect light irradiated from the light
source 1n the wrradiation direction of the headlight;

a projection lens having a focus 1n the irradiation direction
of the headlight and 1n the vicinity of the second focus
of the first ellipse group reflecting surface, the projec-
tion lens configured to project light irradiated from the
light source and light reflected from the first ellipse
oroup reflecting surface in the irradiation direction;

a second ellipse group retlecting surface having an optical
ax1s crossing the optical axis of the first ellipse group
reflecting surface, the second ellipse group reflecting
surface having a primary focus and a secondary focus,
the primary focus of the second ellipse group reflecting
surface located substantially at the light source;

a first parabolic group reflecting surface having a focus
located substantially at the secondary focus of the
second ellipse group reflecting surface, the first para-
bolic group reflecting surface configured to reflect light
reflected from the second ellipse group reflecting sur-
face 1n the 1rradiation direction of the headlight;

a second parabolic group reflecting surface having an
optical axis substantially corresponding to the irradia-
tion direction of the headlight, the second parabolic
ogroup reflecting surface having a focus located in the
vicinity of the light source, the second parabolic group
reflecting surface being arranged in the 1rradiation
direction side from the first ellipse group reflecting
surface; and

a shutter provided in the vicinity of the focus of the
projection lens, the shutter being capable of being
placed 1n and withdrawn from an optical path of light
reflected from the first ellipse group reflecting surface,
the shutter having a shutter part and a shade part, the
shutter part providing a low-beam light distribution
pattern by being placed in the optical path of the
reflected light from the first ellipse group reflecting
surface and providing a high-beam light distribution
pattern by being withdrawn from the optical path, the
shade part shading light traveling from the light source

to the second parabolic group reflecting surface when

the shade 1s 1n a first position, and providing light from
the light, source to the second parabolic group reflect-
ing surface when the shade 1s 1n a second position.

2. The vehicle headlight according to claim 1, wherein

the first ellipse group reflecting surface and the second
ellipse group retlecting surface are arranged such that
the second focus of the first ellipse group reflecting
surface 1s located outside of the second ellipse group
reflecting surface, and

the shutter part of the shutter 1s located on a back side of
the second ellipse group reflecting surface when the
shutter part 1s withdrawn from the optical path of the
light reflected from the first ellipse group reflecting
surface.
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3. The vehicle headlight according to claim 1, wherein

the shutter 1s rotatably fixed on a substantially horizontal
ax1s such that it can be placed 1n or be withdrawn from
the optical path.

4. The vehicle headlight according to claim 1, wherein

the second parabolic group reflecting surface includes a
pair of reflecting surfaces, one provided on a left side
and one provide on a right side of the first ellipse group
reflecting surface as viewed 1n a front horizontal direc-
tion such that the second parabolic group reflecting
surface receives direct light from the light source when
the shutter 1s withdrawn from the optical path.

5. The vehicle headlight according to claim 1, further
comprising means for shading the light reflected from the
second ellipse group reflecting surface to the first parabolic
ogroup reflecting surface during high-beam light distribution.

6. The vehicle headlight according to claim 5, wherein the
means for shading 1s driven imdependently of the shutter.

7. The vehicle headlight according to claim 5, wherein the
means for shading 1s 1nterlocked with the shutter.

8. The vehicle headlight according to claim 5§, wherein the
means for shading and the shutter are rotatable around a
substantially horizontal axis.

9. The vehicle headlight according to claim 1, wherein the
seccond ellipse group reflecting surface has an opening
portion coinciding with a portion of a light path of irradia-
fion light from the light source and reflected light from the
first ellipse group retlecting surface to the projection lens.

10. The vehicle headlight according to claim 9, wherein
the shutter shades a part of the opening portion when 1t 1s
placed 1n the optical path and opens the opening portion
when 1t 1s withdrawn from the optical path.

11. The vehicle headlight according to claim 1, wherein an
optical axis of the first parabolic group reflecting surface
substantially corresponds to the rradiation direction of the
headlight.

12. The vehicle headlight according to claim 1, wherein
an optical axis of the first parabolic group reflecting surtace
1s set such that the light reflected from the first parabolic
ogroup reflecting surface irradiates along a side of an arca
irradiated by the light reflected from the first ellipse group
reflecting surface.

13. The vehicle headlight according to claim 6, wherein
the means for shading and the shutter are rotatable around a
substantially horizontal axis.

14. The vehicle headlight according to claim 7, wherein
the means for shading and the shutter are rotatable around a
substantially horizontal axis.

15. The vehicle headlight according to claim 1, wherein
an optical axis of the first parabolic group reflecting surtace
1s spaced from and substantially parallel to the optical axis
of the first ellipse group retlecting surface.

16. The vehicle headlight according to claim 1, wherein
the first ellipse group reflecting surface and the first para-
bolic group reflecting surface are configured to be a con-
finuous surface.
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17. A vehicle headlight, comprising;:
a light source;

a first reflecting surface located adjacent the light source,
the first reflecting surface having a first focus located
substantially at the light source and the first reflecting
surface being configured to reflect light rrradiated from
the light source 1n an 1rradiation direction of the head-
light;

a projection lens located adjacent the first reflecting

surface and configured to project light that 1s irradiated
from the light source 1n the irradiation direction;

a second reflecting surface having an optical axis at an
angle with respect to the optical axis of the first
reflecting surface, the second reflecting surface having,
a primary focus and a secondary focus, the primary
focus being located substantially at the light source;

a third reflecting surface having a focus located substan-
tially at the secondary focus of the second reflecting
surface, the third reflecting surface being configured to
reflect light reflected from the second reflecting surface
in the 1rradiation direction of the headlight; and

a fourth reflecting surface having an optical axis substan-
tially corresponding to the wrradiation direction of the
headlight, the fourth reflecting surface having a focus
located 1n the vicinity of the light source.

18. The vehicle light of claim 17, further comprising:

a shutter provided in the vicinity of the focus of the
projection lens, the shutter capable of being placed 1n
and withdrawn from the optical path of light reflected
from the first reflecting surface, the shutter having a
shutter part and a shade part, the shutter part providing,
a low-beam light distribution pattern by being placed 1n
the optical path of the light reflected from the first
reflecting surface and providing a high-beam light
distribution pattern by being withdrawn from the opti-
cal path, the shade part shading light traveling from the
light source to the fourth reflecting surface when the
shade 1s 1n a first position, and providing light from the
light source to the fourth reflecting surface when the
shade 1s 1n a second position.

19. The vehicle headlight according to claim 17, wherein
the second reflecting surface includes an opening through
which light from the light source can pass.

20. The vehicle headlight according to claim 19, further
comprising;:

a shutter located adjacent the opening in the second
reflecting surface and moveable between a high-beam
position and a low-beam position.

21. The vehicle headlight according to claim 17, wherein
the light reflected by the first reflecting surface 1s directed
along a first linear path, and light reflected by the third
reflecting surface 1s directed along a second linear path, the
first and second linear paths being substantially parallel and
spaced from each other.
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